In comparison with other tropical forest land uses such as selective logging, little is known of the impacts on wildlife of the many forms of small-scale agriculture practised across the tropics. We present density estimates, derived using a point count distance sampling method, for 31 bird species in primary forest, old abandoned gardens and active/recently abandoned gardens at two altitudes in the Crater Mountain Wildlife Management Area (CMWMA), Papua New Guinea. There were clear habitat differences between the six habitat/altitude categories, with, for example, clines in tree sizes and canopy cover from highest values in primary forest to lowest values in current gardens. At lower altitudes, primary forest held highest densities of most species, whereas at higher altitudes, old abandoned gardens had greater densities of many birds, especially insectivores. CANOCO was used to ordinate bird species with respect to major habitat gradient axes. Major axes were associated with differences in bird responses to forest conversion as well as altitudinal differences in species composition. Most important was that several insectivores (especially monarchs, fantails, etc.) formed a cluster of species associated with intact, high-biomass forest. We suggest that most species reacted moderately to habitat changes currently occurring, and this may be due in part to the fact openUP
Methods

Study area and design
The study took place during April-October 2002 within the 270 000-ha CMWMA, Papua New Guinea (Fig. 1) . The CMWMA occupies adjoining portions of Simbu, Eastern Highlands and Gulf Provinces, in the Purari River catchment (Mack & Wright 1996) , and ranges from lowland tropical forest on the Purari River (50 m) to subalpine scrub on the summit of Crater Mountain (3100 m). Mean annual rainfall ranges from 6500 to 8000 mm with little seasonal variation in temperature or rainfall (Wright et al. 1997) . Data on bird breeding seasons within CMWMA are too scant to gauge fully how the timing of our bird survey fitted in with seasonal breeding patterns. During our survey, nesting, in at least one bird species, was recorded in each of the 7 months (total nesting records = 43), with most frugivore nest records between April and July, and most insectivores/nectarivores between July and September (Symes & Marsden 2005) . At the Crater Mountain Biological Research Station (CMBRS), most breeding appears to occur in two peaks, April-May and September-November with least breeding January-March (A.L.M. unpubl. data).
Our study was restricted to hillforest at altitudes ranging from 432 to 935 m. Data were collected while C.T.S. was based around four settlements of the Pawaiia people: Haia, on the east side of the Nimi River valley; Yabaramaru and Yualaido, recently formed settlements derived from Soliabedo, a now abandoned site referred to by Diamond (1972) , on plateaus west of the Rivers Wi and Jei, respectively; and Wara Oo settlement (Toiari Village), situated on the Oo River, south of CMBRS (Fig. 1) . The Pawaiia are traditionally semi-nomadic gardeners depending primarily upon Sago Metroxylon sagu. They move widely over their sparsely populated lands, sometimes making temporary housing while they process sago. With the arrival of missionaries in the 1970s a permanent community arose around the airstrip at Haia -this is their longest permanently settled area. The smaller settlements are more typical of traditional land use, but are still larger and less ephemeral than traditional practice prior to policies of the Australian administration and missionaries that encouraged formation of permanent population centres.
We focused on active gardens, abandoned gardens and primary forest. Forest clearance for small-scale mixed agriculture and agroforestry is the main anthropogenic habitat alteration within the CMWMA (Mack & Wright 1998) . Gardens within CMWMA varied in many respects. Some retained most of their large trees, forming a partial canopy above the cleared understorey, whereas others were totally cleared of all vegetation prior to planting. Usually, however, certain trees are left, e.g. Terminalia spp. and Artocarpus cuminis (Breadfruit) . The dominant crops were Sweet Potatoes Ipomoea batatas and Sago, although other crops included Peanuts Arachis hypogaea, Cucumber Cucumis sativus, Papaya Carica papaya, Taro Colocasia esculenta, Pineapple Ananas comosus, Banana Musa spp., Coconut Cocos nucifera and Maize Zea mays. Bamboo stands provided cooking, carrying and building material. Most gardens were uninhabited, although some contained small huts for drying firewood or providing shelter for garden workers.
Gardens were generally small, ranging from 0.1-0.2 ha to around 1-2 ha, depending on the size of the family group. Close to villages, gardens were sometimes less than 100 m apart, but further from settlements, they were quite isolated within large areas of littledisturbed forest. Gardens are usually cultivated for 2-3 years before being abandoned or turned over to tree cultivation (e.g. Artocarpus, Pandanus or Terminalia). Sago production takes much longer, with palms taking 15-20 years to mature, and is usually concentrated in particularly boggy areas unsuitable for most other crops. Although garden crops were similar across altitudes, gardening appeared to be more intensive (with a greater proportion of land under agriculture and fewer trees left standing within gardens) around the older settlements within CMWMA, especially around Haia. This intensification reflects higher human population densities around Haia and the relative newness of the Yualaido and Yabaramaru (Soliabedo) and Wara Oo settlements.
Habitat categorization and vegetation sampling
Bird survey plots were laid out along transects following existing narrow paths or along trails cut especially for this study. Altogether, 226 survey plots were positioned at distances of exactly 200 paces (c. 200 m) apart along the transects. Such distances between census points are sufficient to ensure negligible effects on density estimates of birds moving between census points (Buckland et al. 2001) . Each survey plot was categorized at the time of the survey based on visual inspection by C.T.S. and on information about current and historical usage provided by local informants (Table 1) . The initial habitat categories were:
Primary forest with no visible habitat disturbance (PRIM) Primary forest with minor disturbance (e.g. small tree removal) (DISTPRIM)
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Garden abandoned > 20 years previously (> 20 YR GARD) Garden abandoned [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Garden abandoned 2-8 years previously (2-8 YR GARD) Current garden including 5 'homegarden' plots close to houses (GARD) These were merged into three habitat categories: primary forest (PRIM + DISTPRIM), old gardens (> 20 YR GARD + 8-20 YR GARD) and new gardens (GARD + 2-8 YR GARD). Although it may seem synthetic to divide the gardens as we did, our ± 8 years division corresponds roughly to half the time that swidden agricultural land is often left fallow between cultivations (e.g. Andrade & Rubiotorgler 1994 , Fujisaka et al. 1996 . Of course such a division may not be entirely justifiable in an ecological sense and this is one reason why we also used a CANOCO to ordinate the survey plots based on their vegetation characteristics rather than their cultivation histories (see later).
To help control for natural altitudinal differences in bird abundance, we divided survey plots into two groups, those above 650 m and those below 651 m (104 and 122 plots, respectively). The split bisects the data quite evenly but there is no evidence for distinct floristic boundaries in this altitudinal range, nor does this range typically encompass any major floristic transition (Paijmans 1976, A.L.M. unpubl. data) . The proportions of survey plots in the three habitat categories differed between the two altitudinal bands (χ 2 = 8.8, df = 2, P = 0.01), with more primary forest and fewer new gardens at or below 650 m than would be expected if land-use covers at the two altitudes were similar (Table 1) .
Several habitat measurements were taken at each survey plot. The five largest trees within 20 m of the plot centre were selected, their diameters at breast height (dbh) measured and their heights estimated using a clinometer. We gained an indication of the recent history of plots by recording the architectures of the five largest trees (Torquebiau 1986 , Jones et al. 1995 . We noted for each tree whether its first major branch was above (BA) or below (BB) half of its height, and if it 'branched above' whether it had scars from dropped branches below half its height (BASB), or whether it had branches growing vertically from close to its base (BBVG Useful indications of the proportion of the landscape within the study area that was turned over to small-scale agriculture can be gained from two sources. First, we set up our sampling plots in an attempt to reflect best the land-use types within the study area by positioning them every 200 paces along transects. Of the 226 survey plots set up, 13.7% were described at the time of the survey as being new gardens (active within the last 8 years), 40.3% as > 8-year-old abandoned gardens and the remaining 46% as primary forest. In addition, we set up, for a related project, a series of 144 bird survey plots, arranged in a grid running from the Haia airstrip out away from the village. Survey plots were positioned within this 2.3 × 0.3-km grid, either 50 m apart (short axis) or 100 m apart (long axis). The grid abutted part of the area used in the main study but because it was relatively close to the village of Haia, it may overestimate the proportion of agricultural land in the area. Of the 125 survey plots within the grid that were not classified as village, 12.8% were classified as new gardens (< 8 years old), 53.6% as > 8-year-old gardens and 33.6% as primary forest.
Bird survey methods
Birds were counted using a variable circular plot method (Jones et al. 1995) . Birds were counted at each plot twice, once between 06:00 and 11:00 h, and once on a different day between 11:00 and 14:00 h. No bird surveys were undertaken during persistent rain or strong wind. We fixed the count period at 10 min and allowed no 'settling down' period prior to recording. Survey plots were approached very stealthily and any birds that were flushed, or that otherwise moved off from around the survey point on the recorder's arrival, were counted as being present during the count period, and the distance from their initial position to the centre of the plot estimated. The horizontal distance to each contact with a perched bird/bird flock was estimated to the nearest 1 m. Although birds were sometimes recorded at distances greater than 50 m from the plot's central point, such records contribute very little to density estimates produced using DISTANCE, mainly
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because the area surveyed at such distances is very large (Buckland et al. 2001) . In fact, during the analysis phase, the most distant records are truncated as a matter of course to improve model fit (see below). Similarly, estimates of distance (to the nearest 1 m) to contacts > 50 m from the recorder are likely to be less accurate than those to contacts close to the recorder. However, again, random inaccuracies in distance estimations to distant birds are not important as these records contribute so little to the density estimation process (Buckland et al. 2001) . All records of birds in flight at survey plots, except those which took flight in response to recorder presence, were excluded from the analysis following the rationale of Marsden (1999) .
C.T.S. conducted all bird surveys accompanied by a trained local observer (TLO). The TLOs (see Acknowledgements) had extensive bird identification training and experience and had previous experience working with scientists. Prior to bird surveys, C.T.S. underwent extensive training in bird identification, bird vocalizations using bird tapes, distance estimation and other aspects of the fieldwork. All birds at survey plots were counted except for swiftlets and nocturnal birds.
Data analysis
For the five largest trees, we calculated the mean and standard deviation of dbhs (the latter measure gives some indication of the variability in sizes of trees forming the canopy within the plot). The standard deviations of dbhs were converted to coefficients of variation (sd as a percentage of the mean). We also calculated the mean tree height and counted the numbers of primary forest tree architectures and regenerating tree architectures.
Differences between vegetation measures across the six habitat types were tested using one-way ANOVAs, as we aimed to detect differences between all six sites rather than describe the effects of habitat type and altitude separately. For mean dbh, coefficient of variation (cv) of dbh and mean height, parametric ANOVAs were used with Tukey's HSD post-hoc tests. For the other habitat parameters, we used the non-parametric KruskalWallis test with Dunn's post-hoc tests.
For analyses of species diversity and overall encounter rates, we included all bird species recorded at plots (i.e. no truncation was done). True species richness in each of the six habitat type/altitudes was estimated using a rarefaction technique (Colwell & Coddington 1994) . We used EstimateS v.6 (http://0-viceroy.eeb.uconn.edu.innopac.up.ac.za:80/estimates) with 50 randomizations (no replacement) and retained estimates of species richness derived from the Abundance-base
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Coverage Estimator (ACE; Chazdon et al. 1998 ) and a first-order jackknife with associated standard deviation.
We calculated encounter rates and percentage standard errors for individual bird species using the DISTANCE 3.5 software (http://0-www.ruwpa.stand.ac.uk.innopac.up.ac.za:80/distance). For the calculation of encounter rates, data were not right-hand truncated. We calculated density estimates using the DISTANCE 3.5 program using only perched records (Marsden 1999) . For density estimation data were right-hand truncated for each species prior to analysis, omitting the furthest 5-10% of records (Buckland et al. 2001) . However, during exploratory data analysis using DISTANCE, a larger percentage of distant records was truncated up to a maximum of 20% if it improved model fit. Data were, in most cases, pooled across the habitat types to produce a single detection function for each species at each altitude [checking of Akaike's Information Criterion (AIC) values for the pooled detection function with AICs from habitat-specific analyses determined whether or not habitats should be combined]. In cases where a single function was modelled, data were post-stratified to give habitatspecific density estimates (Buckland et al. 2001 ).
Data were entered as clusters in ungrouped format. For aural contacts where flock size could not be ascertained, we substituted the mean flock-size value for those contacts where we were certain of flock size. In addition, the effect of distance from recorder on flock size was considered using the size bias option, with flock sizes adjusted if regressions were significant at P < 0.10. The choice of detection function and series expansions was made by comparing AIC values between models. We present density estimates for only a subset of all species counted because many species were recorded too infrequently to make reliable density estimates in particular habitats. We restrict our density estimation to species recorded more than 50 times overall.
To identify patterns of bird community variation across the survey plots and to relate these to the main axes of habitat variability, we used the canonical correspondence analysis or CANOCO (ter Braak 1986) of MVSP (Kovach Computing Services: http://www.kovcomp.co.uk/mvsp). Canonical correspondence analysis (CCA) is a multivariate direct gradient method that, in our case, ordinates the bird species or plots at which they were recorded with respect to environmental axes defined by the habitat and physical recordings made at the plots. We considered the presence or absence of each bird species at either visit to each of the 226 survey plots and counted birds as present at survey plots if they were recorded less than 50 m from the plot's central point. We excluded those bird species that were recorded at fewer than five survey plots but did not subsequently downweight rare species in the analysis. Fourteen continuous habitat variables were entered into the analysis. CCA was performed using the reciprocal averaging method of Hill (1973) . We employed the default 'by species' scaling method as our main interest was in the ordination of individual species with respect to one another and the environmental variables, rather than the ordination of individual plots. The ordination of habitat variables on the first two axes of the CANOCO was plotted along with the species scores of those 78 species included in the analysis.
Results
Habitat characteristics of land uses/altitudes
There were clear differences in the measured habitat features between the six habitat/altitude categories (Table 2) . Tree sizes were greatest and canopy cover fullest in lower altitude primary forest. In both altitudinal classes, tree sizes and canopy covers were greatest in primary forest and smallest in current garden. Tree sizes in primary forest at higher altitudes were greater than in other high-altitude habitats, but trees were smaller than in lowland primary forest, similar to those in lowland old garden and higher than those in lowland new garden. Tree sizes in new gardens were similar across altitudes. Tree size diversity was greatest in low-altitude gardens currently in use.
Primary forests showed the highest proportion of trees with primary forest architecture, although old gardens at higher altitudes retained many primary forest tree shapes. Regenerating tree architectures were common only at lower altitudes, suggesting a different pattern of historical disturbance than at higher levels of CMWMA. Finally, although abandoned gardens seem to have reacquired their creeper cover, there was a clear loss of creepers around large trees in current gardens at both altitudes (Table 2) .
Bird species richness and overall abundance
Excluding aerial records, and records of birds only identified to genus, there were 4332 records of birds of 135 species. Altogether, 86% of birds recorded were heard only. Overall encounter rates (species combined) differed across the six habitat/altitude classes (F 5,412 = 24.5, P < 0.001). Of 116 species recorded in the standardized subsample of plots, 29 species were exclusive to habitats at lower altitudes, only eight were exclusive to higher altitudes and 79 species were shared. The number of species exclusive to old gardens was low (three at lower altitudes and none at higher altitudes), but many species were found in old gardens at either or both altitudes (Table 3) .
Bird density estimates
Density estimates for 31 species recorded on 50 or more occasions (not necessarily at 50 different census points) are shown in Table 4 . Nine of the species had density estimates of > 50 per km 2 in at least one habitat/altitude type. Altogether, birds achieved densities > 50 per km 2 in 24 of the habitat/altitude types (15 in lower altitude plots and nine in higher altitude plots). Notable were density estimates for Tawny-breasted Honeyeater Xanthotis flaviventer (> 50 in all six habitat/altitude types), Scrub White-eared Meliphaga Meliphaga albonotata (> 50 in all but one habitat/altitude type), Papuan Flowerpecker Dicaeum pectorale (> 50 in all three lowland habitat types) and Raggiana Bird of Paradise Paradisaea raggiana (> 50 in both garden habitats at higher altitudes).
In the lower altitudinal band, 14 species had highest or joint highest densities in primary forest, five in old gardens and 13 in new gardens. Density was lowest or joint lowest in primary forest for nine species, in old gardens for 12 species and in new gardens for 11 species. The pattern was rather different at higher altitudes where only six species had highest or joint highest densities in primary forest, 15 in old gardens and ten in new gardens. Density was lowest or joint lowest in primary forest for 18 species, in old gardens for just three species and in new gardens for 11 species. The proportions of species with the highest densities in the three habitats differed between the altitudes (χ 2 = 8.6, df = 2, P = 0.01) as did the proportions of species having the lowest densities in the three habitats (χ 2 = 8.4, df = 2, P = 0.02). Primary forest was more 'preferred' at lower altitudes, and old gardens at higher altitudes, than expected if preferences were unaffected by altitude.
Bird community analysis
Axes 1 and 2 of the CANOCO were correlated significantly with the environmental axes (r > 0.78, P < 0.001). All individual environmental variables except gradient, standard deviation of tree heights and creeper cover were significantly correlated with one or other of Axes 1 and 2. There were, of course, some strong correlations between the recorded habitat variables (Fig. 2a) . Tree heights and girths, and number of buttress roots and creepers were all positively autocorrelated whereas these variables were strongly negatively correlated with canopy gaps and the secondary forest architectures (branching below and branching below with vertical growth). Altitude and slope correlated little with the above variables but showed strong correlations with Axis 2 scores (and were negatively correlated with the tree architecture that is characteristic of regenerating forest).
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The bird species ordination showed some clear patterns. 
Discussion
Species reactions to habitat change
Many species were tolerant of the small-scale forest changes found within CMWMA. Seventeen of the 31 species had higher density estimates in one of the lowland garden habitats than in the lowland primary forest and 25 species had higher density estimates in one of the garden habitats than in primary forest at higher altitudes. The majority of species occurred at densities similar to those in primary forest in at least one of the two garden habitats and this is important as it means they can utilize at least some parts of the anthropogenic landscape in numbers at a given time. Only four species, Rusty Mousewarbler Crateroscelis murina, Magnificent Riflebird Ptiloris magnificus, King Bird of Paradise Cicinnurus regius and Magnificent Bird of Paradise C. magnificus, had estimated densities in both lowland anthropogenic habitats less than 50% of those in lowland primary forest. In the higher altitude areas, just one species (Magnificent
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Riflebird) had density estimates in gardens not exceeding 50% of the primary forest value. Of course, we are not sure that the apparent tolerance of the 31 (common) species extends to the rarer species within the avifauna, but at least modest anthropogenic modification that has occurred at the site has not been detrimental to all birds.
The birds of paradise (Paradisaeidae), although found in closed-canopy rainforest and including some species that are specialized frugivores (Frith & Beehler 1998) , have been considered to be reasonably habitat tolerant, occurring in forest edge, secondary forest, disturbed forest near villages and abandoned gardens (Frith & Beehler 1998 , Heads 2001 . At CMWMA, they did occur in disturbed habitats but were among the species least tolerant of forest change -only one species from four tolerated habitat change well. Although low levels of hunting of birds-of-paradise occurs within CMWMA, we feel that the lower densities recorded for most species in gardens reflect more their habitat associations than differences in hunting pressure. Some of the species occurred at reasonably high densities, especially King Bird of Paradise (5-65 per km 2 ) and Raggiana
Bird of Paradise (15-70 per km 2 ), but Magnificent Bird of Paradise, and especially Magnificent Riflebird (0-15 per km 2 ), appear to be rarer. The density of King Bird of Paradise in lower altitude forest at CMWMA was similar to the estimate of Bell (1982) for this species in lowland rainforest at Brown River (60 individuals per km 2 ), but was lower for Raggiana Bird of Paradise (his estimate was 100 per km 2 ) and Magnificent Bird of Paradise (his estimate was 60 per km 2 ).
Bird reactions to small-scale agriculture appeared generally to be better at higher elevations than at lower elevations. Gardens in the higher parts of the study site were older and more densely packed than those lower down, so the pattern is unlikely to be an artefact of lower impact gardening at higher elevations. It is possible that the small-scale forest changes of the sort that occur at higher elevations within the area of our study might benefit some (particularly insectivorous) birds by, for example, creating areas of dense understorey vegetation, breaking up the canopy, and producing more edges or a finer-scaled mosaic of microhabitats (Goldblum 1997 , Vetaas 1997 , Huertas & Diaz 2001 , Grau 2002 . More detailed studies that measure various habitat parameters are needed in order to understand better why birds respond as they do to anthropogenic modifications.
Although species least 'tolerant' of garden habitats or most associated with intact forest came from disparate groups, insectivores were well represented. They include two fantails (Chestnut-bellied and Northern), several monarchs and flycatchers, Rusty Mousewarbler and Little Shrike-thrush Colluricincla megarhyncha. Undoubtedly, there are other insectivores that are also intolerant of garden habitats but that were too infrequently recorded to estimate densities reliably. For example, Blue Jewel-babbler was recorded 29 times in lowland primary forest, and five times in lowland old gardens, but was not recorded in the other habitats -this is a largely terrestrial insectivore, which, although described as common by Beehler et al. (1986) , may be sensitive to forest change in the lowlands (Driscoll 1985) .
Comparisons with other regions
The density estimates for New Guinea's birds in primary forest are broadly comparable with those, derived using similar methods, for birds from nearby Wallacea. The majority of birds at CMWMA, as on islands to the west in Wallacea, have densities estimated at 1-50 individuals per km 2 , with only two species achieving densities greater than 100 per km 2 . The most common species on Wallacean islands are reported to occur at densities of up to 500 or even 1000 per km 2 (Jones et al. 1995 , Marsden 1998 , Riley 2002 and it may be that CMWMA lacks such superabundant species. Although the density estimates themselves may be different, the taxonomic groups attaining the highest densities are similar (e.g. sunbirds and flowerpeckers).
Studies elsewhere have found some serious reductions in the abundance of species following forest alteration. Thiollay (1995) found that over half of forest bird species declined or disappeared within three agroforestry types (permanent 'garden forests' dominated by Rubber Hevea brasiliensis, Durian Durio zibethinus and Damar Shorea javanica) in Sumatra. Driscoll (1985) found diversity and density lower in plantation forest in lowland Papua New Guinea and lower densities of understorey birds in regrowth forest. Although there are certain affinities in the sorts of species that 'declined' both in Sumatra and in CMWMA (large frugivores, some insectivores, terrestrial foragers), the scale of the declines was certainly much higher than those reported from Sumatra, and in small-scale agriculture (Raman 2001 , Dunn 2004 , Naidoo 2004 , contra Andrade & Rubiotorgler 1994 and selective logged forests elsewhere (Lambert 1992 , Thiollay 1992 , Marsden 1998 ).
We are not suggesting that the New Guinea avifauna is predisposed to being tolerant of these types of habitat change. Within our study area, most land has not been developed, and remains as pristine or little-disturbed forest. We believe that it is the small proportion of forest converted to agriculture at CMWMA and the close proximity of gardens to pristine forest that has helped allow birds to survive in at least some of the anthropogenic land uses. Such a mosaic of habitats as seen at CMWMA may benefit some species, or at least allow them to persist temporarily at high densities. On nearby New Britain, gardens contained higher fruit/flower densities than primary forest, attracting large parrot and
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hornbill populations from adjacent primary forest, where nest-site densities were highest (Marsden & Pilgrim 2003) .
Conservation implications
Although bird populations at CMWMA, as over much of Papua New Guinea, remain healthy, the agricultural intensification and extensification occurring in parts of Papua New Guinea and Irian Jaya (Levett & Bala 1994 ) are a cause for concern. Currently, agricultural plots are reasonably small and set amongst large tracts of intact primary forest, but a threshold may soon be reached where there is too little remnant forest, and where agricultural plots are too extensive and homogeneous to allow use of the landscape by birds as we see at CMWMA. Old (E) n = 32 New (F) n = 34 Test result 3.9 ± 0.9 3.9 ± 1.2 2.0 ± 1.8 3.9 ± 1.1 3.6 ± 1.3 2.7 ± 1.5 H 5,220 = 36.0, P < 0.001 Creeper cover A > CF = BDE B > CF = DE C < DE = F D > F = E E = F Table 3 . Summary bird survey statistics. Lower altitudes = survey plots below 651 m (432-650 m) and higher altitudes = 651-935 m.
Lower altitudes Higher altitudes
